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BASIC-ABSTRACT: 

R fractory material having Mo (alloy) substrate.. J7-. Consists: of Mo or Mo 
alloy substrate, Cr layer 6-40 mu in thickness coated on the Mo or alloy, Ni or 
Ni ail y layer of thickness 40-370 mu coated in the Cr layer, and a sprayed 
layer, 0.2-0.7 mm in thickness, coated on the Ni or Ni alloy layer, which 
essentially disperses mainly AINi3, Ni, NiAl, 04, NiO, and AI203 made by the 
flame-spraying of composite metallic powder of Ni and Al. 

Used: for constructing rockets, space machines and gas turbines. Corrosion - 
resistance and oxidation-resistance are good. 

TITLE-TERMS: REFRACTORY MATERIAL ALLOY SUBSTRATE 

DERWENT-CLASS: L02M13 
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[Simple explanation of the diagrams] 

The figure is a rough vertical sectional drawing that is represented by cutting one part in 
order to explain an embodiment of molybdenum based high temperature material 
pertaining to this invention. 

[Detailed Description of the Invention] 

This invention pertains to molybdenum or a molybdenum alloy based high temperature 
material, which has superior oxidation resistance and corrosion resistance and is suitable 
in structural materials for rockets, space, gas turbines or the like. 
Molybdenum has extremely superior strength at elevated temperature; other refractory 
metals do not allow [Illegible] particularly, at the temperature of more than 1000 °C, but 
at the same time molybdenum oxide has extremely bad oxidation resistance at elevated 



temperature due to volatility. In addition, oxide starts melting at closer to 815 °C, liquid 
oxide coats the surface and the oxygen diffusion gradually increases through this. 
Oxidation multiplication of molybdenum that for example does not have an oxidation 
resistant plate, easily reaches 10 million times at 900-1000 °C compared to that of the 
nickel (Ni) alloy. Therefore, it can be said that it is impossible to use molybdenum as a 
sealing material in an oxidizing atmosphere. 

For the purpose of enhancing oxidation resistance of molybdenum methods such as the 
following, namely 

(1) To add an element that will form oxidation resistance protective film. 

(2) To coat the oxidation resistant substance using the methods such as thermal spray, 
brazing 

(3) To coat oxidation resistant metal with an electro coat method 

(4) To generate and coat an oxidation resistant substance on the surface of 
molybdenum (Mo) with diffusion coating method. 

(5) To coat oxidation resistant substance with clad method. 

are being attempted. However, the oxidation resistant cladding layer generated with these 
methods has some kind of limits with respect to applicability and is inadequate for 
adaptation in conditions to be used as high temperature material under stable state for 
long time in oxidizing atmosphere at elevated temperature. 
In the view of these points, this invention aims at obtaining oxidation resistance 
particularly, at high temperature. In other words, a molybdenum based high temperature 
material characterized by and comprising of molybdenum or molybdenum alloy and a 
chrome layer having thickness between 5 to 40 microns that has been cladded on this 
molybdenum or molybdenum alloy, nickel or nickel alloy layer with thickness between 
40 to 370 microns that has been cladded on this chrome layer and a spray coated layer of 
thickness between 0.2 to 0.7 milli that has been cladded under the state wherein, nickel 
aluminum (AlNi2), nickel (Ni), nickel aluminum tetroxide (NiAfeC^), nickel oxide (Ni O) 
and aluminum oxide (Al 2 O2) are primarily generated with blaze spraying of compound 
metal powder of nickel and aluminum on this nickel or nickel alloy layer are dispersed 
substantially. 

Next, the first embodiment of this invention that obtains high temperature material is 
explained with the drawings. 

First take molybdenum alloy that contains titanium (Ti) 0.5% and zirconium (Zr) 0.1%, 
conduct the [Illegible] process, clean the surface of molybdenum alloy and make it 
appropriate as chrome (Cr) electro coat base. 

Table: 1 

(1) Cleaning 

(2) Cr0 2 300 g/_ 

(3) H 2 S0 4 3gL 

(4) Melting temperature: Normal temperature, cathode: pure lead plate 

(5) Current density 10 A/dm 2 

(6) Process time 30-60 seconds 



After that form second chrome (Cr) electro coat layer with the thickness of 5-40_ under 
the conditions shown in table 2. 

Process the chrome electro coated surface under the conditions shown in table 3 and 
make it suitable as nickel or nickel alloy electro coat base. Then form the nickel electro 
coat layer 3 as per the conditions shown in table 4 with the thickness of 40-370_. 

Table: 2 

Cr0 2 300 g/_ 

H 2 S0 4 3g/_ 

Melting temperature: 50-60 °C cathode: pure lead plate 
Current density 30 A/dm 2 

Table: 3 

(1) Cleaning 

(2) Acid wash HCL(1:1) 

(3) Ni01 2 6H 2 0 300 g/_ 
HCL(1:10) 1_ 

Melting temperature: Normal temperature cathode: Ni plate 
Current density 1 0 A/dm 2 

Process time 120 seconds 

Table: 4 

NiS0 4 6H 2 0 200 g/ _ 

NiCl 2 6H 2 0 45 g/_ 

H2BO2 30 g/ _ 

Melting temperature: 40-50 °C cathode: Ni plate; P.H. 5-6 
Current density 5 A/dm 2 

Next, with alumina particles of a mesh of 12-30, perform the blast process on the nickel 
layer of molybdenum alloy surface that is cladded with compound layers of chrome and 
nickel in the above described process and prepare a surface suitable for immaculate spray 
process by rinsing for a light minute using a solvent such as foreign grease including the 
fine particles generated at that time. Then, using plasma wave, spray the compound metal 
powder that comprised of 80% of nickel (Ni), 20% of aluminum (Al) and by including 
aluminum in nickel, in the thickness of 0.2-0.7 mm, coat the coat layer 4 on the surface 
that was blast processed. 

Thus with this spray coating process, further, on the molybdenum that is coated with a 
compound layer consisting of chrome and nickel coat layer 4 that is comprising of all 
substances of nickel aluminide of intermetalic compound and metal nickel of [Illegible] 
cubic lattice, aluminum nickel tetroxide (NiAl 2 C>4) of spinel type oxide, aluminum oxide 
(AI2O2), oxide nickel (NiO) of sodium chloride, aluminum oxide (A1 2 0 2 ) of hematite 
oxide and a small amount of aluminum. 

Therefore the performance is not very good since it is unable to demonstrate sufficiently 
firm cohesiveness of molybdenum and coating layer in nonproliferation of molybdenum 



and at high temperatures, the chrome (Cr) layer 2 that has been electro coated on the base 
surface comprising of molybdenum (Mo) or molybdenum alloy is less than 5_ 

On one hand, if chrome (Cr) layer 2 exceeds 40 not only is it uneconomical as the 
improvement in performance with the increase chrome layer 2 disappears but is not 
acceptable since the occurrence of the flaw of cracking inside chrome layer 2 can occur 
easily. In addition, if nickel or nickel alloy layer 3 that is to be adhered on chrome layer 2 
is less than 40 it is unable to demonstrate sufficient oxidation resistance in use for a 
long time at a high temperature oxidizing atmosphere and a state occurs wherein it 
vanishes during the blast process and hence this is unacceptable. 

On one hand if nickel or nickel alloy layer 3 exceeds 370 there is no improvement in 
performance following the increase in nickel or nickel alloy layer 3 and when used for 
longer period of time at high temperature oxidizing atmosphere the risk of a crack taking 
place inside a layer is there and hence is not acceptable. 

Furthermore, after the chrome electro coating process, or, upon the completion of the 
nickel electro coating process, if [Illegible], it is preferred that dehydrogenation is 
performed by applying heat in vacuum to release the hydrogen that is occluded inside 
electro coated layer. Moreover, if the thickness of spray coat layer 4 is less than 0.2mm 
the effect is insufficient and if it exceeds 0.7,the possibility of crack takes place without 
the improvement in the performance involved in that and therefore is unacceptable. Thus, 
a plasma wave, in order to generate coating layer 4, can occur with wide range of arc 
current and arc gas flow that allows better plasma generation, but the optimal plasma is 
when it originates at arc current of 300-600A and arc gas flow rate of 20-40g/min, in 
particular. 

Therefore, in the compound layer coated high temperature material that comprises of all 
substances including chrome and nickel of this invention composed in this manner, the 
coefficient of thermal expansion bears the similar value as molybdenum (Mo) and 
counter diffusion is difficult even at the elevated temperature; chrome layer 2 that is 
superior in oxidation resistance is adhered on molybdenum surface extremely well with 
electro coating and on that, nickel layer 3 that is superior in oxidation resistance, bears 
suitable [Illegible) preferably without the presence of pin hole and [illegible] with 
circulation path of oxygen, and possesses the property to adhere firmly on spray coating 
layer that has grater chemical attraction with the main component that forms the spray 
coat layer which is adhered with electro coating and furthermore, on top of that, spray 
coating layer is adhered firmly on that. Pertaining to inside spray coating, among the 
main components that compose the coat layer, metal substance plays the role of a binder 
of all substances and binds well with nickel layer 3 that comprises the base. In addition, 
intermetalic compounds and sodium chloride oxide prevents the base metal compound 
layer from exposing to direct inflammation, largely reduces the chance of direct contact 
with oxygen and plays a role of preventing contact with inflammable products that posses 
corrosiveness. 

In aforementioned embodiment, as main molybdenum (Mo), molybdenum alloy 
containing 0.5% of Ti, 0. 1% of Zr was used but it is needless to say that a pure 



molybdenum metal, can also be applied in molybdenum alloy and molybdenum chrome 
alloy that contains small amount of zirconium (Zr), Titanium (Ti), Niobium (Nb), 
Vanadium (V), Carbon (C). In addition, in aforementioned embodiment, nickel electro 
coating layer was formed under the conditions indicated in table 4 but without restricting 
to nickel electro coating layer, it could also be nickel cobalt alloy electro coating layer or 
the like acquired under conditions shown in table 5. Moreover, the components of 
compound metallic powder of nickel and aluminum, which are the ingredients of the 
spray made by usual method, nickel could be 90-55% by weight, and aluminum 45-10% 
by weight other than being aforementioned components. Also in aforementioned 
embodiment, the usage of a plasma flame has been mentioned but it is proved that it 
could also be oxyacetylene that possesses flame with high temperature such that it 
exceeds the central temperature by more than 2000 °C . 



NiS0 2 7H 2 0 240 g/_ 

O0SO4H2O 15g/_ 

H2BO2 30g/_ 

NiCl 2 6H2O 45 g/_ 

H00 3 Na 45g/_ 

Melting temperature: 54-60 °C P.H.: 4.0-4.3 

Cathode: 20% CoNi alloy plate 

Current density 5A/dm 2 



Next, even after using high temperature material with the base of molybdenum 
titanium zirconium alloy that is sequentially coated with chrome 25_, nickel 100 _ 
and previously mentioned spray coating layer of 400 _ on the molybdenum titanium 
zirconium alloy plate that has been mentioned in the test example of oxidation 
resistance and the heat resistance of the high temperature material pertaining to this 
invention and the high temperature material with the base of molybdenum titanium 
zirconium alloy that is sequentially coated with chrome 30 cobalt nickel (25%Oo- 
Ni) alloy layer at the temperature of 1000 °C for total number of 1000 hours. No trace 
of damage was found on the surface of the coat layer and it had same uniformity as 
before using. In addition, according to the practical test attached to the combustion 
chamber that uses liquid fuel, even after completing 6 rounds of combustion 
operation, no damage was found. Furthermore, as a result of observing a cross 
sectional microscopic composition of the high temperature material according to this 
invention that was used for total number of 1000 hours under the air of 1000 °C 
among spray coating layers, only the superficial part was changed into monotint and 
one part of chrome layer 2 was [Illegible] spread into nickel layer 3 or cobalt nickel 
alloy electro coating layer 3 and nothing but a reduction in the thickness of chrome 
layer 2 that could be seen from microscope was found to be about 20-30%. 

This invention does not just remain limited to the fact that the high temperature 
material of this invention is superior in oxidation resistance and corrosion resistance 
but since the spray coating layer 4 that forms the outermost layer of the oxidation 
resistance coat layer according to this invention, mixes metal nickel with intermetalic 



compounds and oxides, and since the coat layer generated through reciprocal spray 
particles and spray is firmly attached to the base that is comprised by nickel or cobalt 
nickel alloy 3, the phenomenon of cracking and loss that were experienced in ceramic 
spray coating layer of aluminum oxide and zirconium oxide are absolutely not there. 
Moreover, since the spray coating layer 4 included in this invention can be grown 
easily with a spray on the metal surface that was cleaned with the blast process, if 
spray coating layer gets damaged after the specified time passes, spray coating layer 4 
can be reproduced or mended and has the advantage that the base can be used for long 
time without damaging and has enhanced oxidation resistance and corrosion 
resistance and is also superior from economical point of view. 

Furthermore, in the embodiment pertaining to this invention, the example of adhering 
on one surface of molybdenum base was mentioned but needless to say, this invention 
also applies to adhering on both surfaces. 

[Scope of the Claims of The Patent] 

Molybdenum based high temperature material characterized and comprising of 
molybdenum or molybdenum alloy and a chrome layer having thickness between 5 to 
40 microns that has been cladded on this molybdenum or molybdenum alloy, nickel 
or nickel alloy layer with thickness between 40 to 370 microns that has been cladded 
on this chrome layer and a spray coated layer of thickness between 0.2 to 0.7 milli 
that has been cladded under the state wherein, nickel aluminum (AlNi 2 ), nickel (Ni), 
nickel aluminum tetroxide (NiAl 2 0 2 ), nickel oxide (Ni O) and aluminum oxide (Al 2 
0 2 ) are primarily generated with blaze spraying of compound metal powder of nickel 
and aluminum on this nickel or nickel alloy layer are dispersed substantially. 
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